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prostate neoplasms, stomach neoplasms.

; large population-based case-referent monitoring
dy was carried out in Montreal. It focused on oc-
ational exposures as potential risk factors (34, 35).
;bout 20 sites of cancer were included in the study.
‘or each patient, information was obtained concerning
ast exposure to about 300 substances. The overall
nalytical strategy was to analyze subsets of substances
t a time to determine whether there seemed to be any
¢markable cancer-exposure associations. C
Phis report examines the associations between the
ancers in our study and the following 12 petroleum-
erived liquids: automotive gasoline, aviation gasoline,
iineral spirits, kerosene, jet fuel, diesel fuel, heating
i, cutting fluids, hydraulic fluids, lubricating cils and
reases, other mineral oils, and crude oil. These sub-
arnces include some of the most common exposures
' the 20th century industrial environment. Over the
ears, they have been used in a fairly well circum-
ribed set of occupations and industries, although
leir compositions have evolved over time. None of
:em is a pure compound; rather they are complex mix-
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tures of tens or hundreds of hydrocarbons of various
molecular weight, including both saturated and un-
saturated aliphatics and ring compounds.

Subjects and methods

A full description of the fieldwork and analytical meth-
ods can be found in another article (35). A brief out-
line follows.

Interviews were carried out for 3 726 cancer patients
(response rate 82 %) diagnosed in one of the 19 par-
ticipating Montreal-area hospitals. These patients were
men aged 35 to 70 years. Many sites of cancer were
represented, the main ones being: esophagus (107
cases), stomach (250 cases), colon (364 cases), recto-
sigmoid (233 cases), rectum (190 cases), liver (50 cases),
pancreas (117 cases), lung (857 cases), prostate (452
cases), bladder (486 cases), kidney (181 cases), mela-
noma of the skin (121 cases), Hodgkin’s lymphoma
(53 cases), and non-Hodgkin’s lymphoma (206 cases).
Furthermore, it was possible to subdivide the lung can-
cer series into the following four histological categories
with sufficient numbers: oat cell (159 cases), squamous
cell (359 cases), adenocarcinoma (162 cases), and other
cell types (177 cases). The last group includes mainly
giant cell, spindle cell, and carcinoma not otherwise
specified.

Each of these groups constituted a case series which
was investigated in relation to each of the petroleum-
derived liquids. For each case series, a reference group
was selected from among the other cancer patients in-
terviewed. Thus each subject could serve as a case in
one analysis and as a *‘referent’’ in others. The criteria
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for selecting ‘‘referents’” among the other cancers and
the numbers of referents thereby selected for each site
have been presented in another article (35). (For
example, lung cancer patients were not included as
referents in any of the analyses).

The in-depth interview elicited a detailed job history
of the subjects and information on potentially con-
founding covariables. A team of chemists and hy-
gienists examined each completed questionnaire and
translated each job into a list of potential exposures
(15). They did thison a checklist which explicitly listed
some 300 of the most common occupational exposures
in Montreal. For each product thought to be present
in each job, the chemists poted their confidence that
the exposure actually occurred (possible, probable,
definite), frequency of exposure during a normal
workweek (< 5, 5—30, and > 30 %), and the level of
concentration of the agent in the work environment
(low, medium, high).

For each subject, the data set comprised semi-
quantitative information on the degree of exposure and
the number of years of exposure to each of several
hundred occupational substances. For the purpose of
the analyses, two indices of exposure to each substance
were computed: one comprising the concentration, fre-
quency, and confidence measures cumulated over the
working lifetime {cumulative exposure) and the other
dividing the cumulative exposure by duration to de-
rive an average level of exposure.

The analysis was carried out in stages. First a
screening analysis based on the Mantel-Haenszel (26)
approach estimated the odds ratio (OR) between each
petroleum-derived liquid -and each type of cancer,
stratifying on age, ethnic group, socioeconomic status,
smoking, and an index of the overall dirtiness of the
subject’s jobs (ie, blue collar/white collar).

Ia fact this screening analysis was repeated four
times with two different definitions of “‘exposed”” and
with two different definitions of the study populations.
The cumulative index of exposure was cut at the
median to provide a level of exposure that we call
«sgubstantial.” The basic analysis was carried out once
with exposed status defined by any versus none. and
then by substantial versus none. One set of basic analy-
ses was carried out among all the subjects interviewed,
and another set was carried out only among French
Canadians, a relatively homogeneous social and ge-
netic grouping that constituted about 60 7o of the study
population. Any association that appeared to have an

elevated odds ratio in any of the four screening runs
was earmarked for in-depth analysis.

In-depth logistic regression analyses

First, each association thus selected underwent an
analysis to determine which of the hundreds of avail-
able covariables might be confounders, and then an
analysis to estimate the odds ratio was performed that
ook these confounders into account. The search for
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confounders was based on the empirical Principle
finding those covariates which, when included &5 strag
fication variables, changed the estimate of the disegg
exposure odds ratio by more than 10 %. Some egtal
lished risk factors were included as confounde
whether or not they satisfied this criterion. For j
stance, asbestos, nickel, and chromium were inclyd
for any association involving lung cancer. :

Using logistic regression methods (2) and inclugy
the potential confounders identified, we estimated ¢
diseasc-exposure odds ratio associated with any le
or duration of exposure to the substance, the oddsrat
associated with different levels of exposure to the s
stance, and the odds ratios of subgroups who reces
their exposure to the substance in different occy

Defining the petroleum-derived liguids
The substances selected for analysis in this report a
for the most part, derivatives of petroleum crude
They have certain chemical and physical propertie
common, and there is considerable overlap in their
patterns. They are all liguid at room temperature. 8
substance is a complex mixture with a composition
has varied considerably over time and in different ui
In fact, even within a given era and a given us
composition of each of these substances can h
varied considerably according to such factors as
geographic source of the crude oil, the partié
refining process used, and the blending formula
(3). 1t is conceivable that, within the substance ¢
gories we examined, some formulations are danger
whereas others are not. Our study could detect
due to one of the substances only if the most pr
lent formulations of the substance were carcinog
Some of the nomenclature used to define these
stances is vague and requires clarification. For €
ple, it can be assumed that all those exposcd to
motive gasoline in our study population weve eXp
to leaded gasoline. Those exposed recently may
have had exposure to unleaded gasoline. We made
attempt fo identify this subset. ‘
The term *‘mineral spirits”’ is used broadly to
compass petroleum-derived solvent mixtures knowi
various times or in various countries as white 8
Stoddard solvent, varnish makers’ and painters’
and P) naphtha, rubber solvent, benzine, and ligt
Mineral spirits are composed of organic compoul
with chain lengths that range from Cto Cp
These hydrocarbons consist mainly of aliphatics
90 %), cyclic aliphatics (10—55 %), and arom
(1—20 %). In the 1970s, concern over the caK
genicity of benzene led the major petroleum refi
to offer solvent mixtures containing lower conce.j
tions of aromatics of low molecular weight. The
matic content of these mixtures is npow comp
mainly of alkylbenzenes with higher molecular W
The compositions of cutting fluids, hydraulic
and lubricating oils have also evolved over tim
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Table 1. Percentage of all the 3 726 subjects exposed to each of 12 petroleum-derived liquids according to degree of exposure.

Any exposure?

High confidence

High frequency High concentration® 20 years exposure

(%) (%) %) (%) (%)

utomaotive gasoline 12.4 10.4 2.3 3.9 4.4
viation gasoline 1.3 0.9 0.3 0.5 0.4
Mineral spirits 19.8 14.9 31 4.0 9.1
erpsene 6.3 1.9 0.3 0.8 1.7
t fuel 1.2 0.7 0.3 0.4 0.6
esel fuel 41 2.5 0.6 0.6 1.9
aating oil 4.6 3.6 1.2 1.0 1.8
Cutting fluids 9.1 5.6 4.5 2.2 3.4
Hydrautic fluids 4.2 2.4 0.6 0.3 16
{-ubricating oils 31.9 23.8 7.0 3.1 14.0
Other mineral oils 4.1 2.3 1.9 0.4 1.3
Crude oil 0.8 0.5 0.3 0.3 03

Kerosene is a mixture of petroleum hydrocarbons
with carbon chain lengths ranging from 9 to 16 atoms
per molecule (30). Its most common uses by our study
cubjects were as a metal-cleaning solvent, as, for
example, among forestry workers who used kerosene
to clean and lubricate sawing equipment, and as stove
oil, eg, among construction workers in winter. Jet
fuels, as coded in this study, include both kerosene and
“wide cut’’ fuels.

- Exposure to the combustion products of these sub-
stances has not been included in this analysis, but it
will be covered in a subsequent report.

Results

able 1 describes the exposure patterns of our entire
study population (3 726 subjects) for each of the 12
petroleum liquids. Lubricating oils was by far the most
common exposure; 31.9 % of all subjects were con-
sidered to have had potential exposure to lubricating
oils in at least one of their jobs. Most of these subjects
ere considered definitely exposed (23.8 % of the
sntire sample). However, only 7.0 % of the entire
mple had been exposed at a high frequency (more
an 30 % of the day) and only 3.1 % were exposed
a high concentration level (on a relative scale). A
rge number (14.0 %) had over 20 years’ exposure to
bricating oils at one level or another of frequency,
‘oncentration, and confidence. In contrast, crude oil
as the least common, with a lifetime work prevalence
0.8 % for any level or length of exposure. Table
:shows the main occupational groups in which expo-
ure occurred for each substance. Most of these sub-
tances occurred in many job classes apart from those
own in the table. In addition the indication that a

Table 2. Main occupations for which exposure to each petro-
leum-derived liquid was attributed in the entire study group of
3 726 subjects.?

Main occupations for which exposure
to the substance was coded {% of
subjects in this occupation}

Substance Nz

Automotive 462
gasoline

Mechanics and repairmen (24,7 %), sales
{mainly service station attendants)

(15.4 %), farming (14.3 %), forestry
(10.0 %), motor transport (7.4 %)

Aircraft mechanics and repairmen
(42.6 %)

Construction trades (especially painters)
{20.8 %}, mechanics and repairmen
{19.6 %), metal machnining (5.4 %)

Forestry (40.0 %), construction trades
{9.4 %), mechanics and repairmen
(8.1 %]}, farming (8.1 %)

Aijrcraft mechanics and repairmen
(27.9 %)

Mechanics and repairmen (33.8 %), motor
transport (9.1 %}, excavating and grading
(8.4 %)

Construction workers (23.3 %), motor
transport occupations (19.2 %),
stationary engine and utilities
operating (17.4 %)

Metal machining {37.0 %), plumbers and
pipefitters (14.2 %), metal shaping
{10.1 %), aircraft fabricating (8.0 %)

Mechanics and repairmen (63.9 %), sales
{mainly service station attendants)
{14.8 %), metal shaping (4.5 %)

Mechanics and repairmen (17.2 %),
construction trades {9,3 %), metal
machining (9.1 %}, salesmen of
commodities (5.6 %)

Other mineral 152 Printing (30.3 %), metal machining and
oils shaping (8.2 %), construction trades
(7.9 %), textile and hide
processing (7.2 %)

Water transport (19.4 %), construction
trades (12.9 %), materials handling
(9.7 %)

Aviation gasoline 47

Mineral spirits 739

Kerosene 235

Jet fuel 43

Diesel fuel 154

Heating oil 172

Cutting fluids 338

Hydraulic fluids 155

Lubricating oifs 1189

Crude oil 31

®

Note that the ordering of occupations does not necessarily reflect the
degree of exposure in various occupations. For instance, while the
largest occupational category exposed to kerosene was “‘forestry work-
ers,” the exposure level was much locwer among forestry workers than
among mechanics and repairmen.

This is the number of persons exposed at any level; N is the denomi-
nator for each percentage corresponding td the substance in question.

o

substance was attributed to some workers bearing a
given job title does not imply that all workers with that
job title were attributed that exposure. For instance,
while many of those exposed to hydraulic fluids were
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“‘mechanics and repairmen’’ only a fraction of “‘me-
chanics and repairmen’” were considered to have been
exposed to hydraulic fluids. As expected, several of
these substances occurred in many of the same occu-
pations.

For each substance coded by our team of chemists,
the presumed route of exposure was indicated. For
most of the substances in this report, exposure O¢-
curred via both respiratory and cutaneous contact. For
some of the heavier ones (lubricating oils, hydraulic
fluids, other mineral oils) exposure was more often
cutaneous than respiratory.

Screening results

Mantel-Haenszel screening analyses were carrieq out
among all the subjects and among the subset of Frepel
Canadians. Associations which were elevated among
the French Canadians were also elevated in the whelg
group. We have therefore presented only the r‘r:sult‘j
for all the subjects. We estimated the odds ratj
between the 12 petroleum-derived liquids and 2¢ Lypes
of cancer. For the rare types of cancer there was a vagy
low power to detect risks; the confidence intery,
around the odds ratio estimates were so wide that ¢
findings were not very informative. Tables 3.5 sh

Table 3. Odds ratios (OR) between 12 sites of cancer? and exposure P to automotive gasoline, aviation gasoline, minaral spir|
and kerosene, on the basis of Mantel-Haenszel analyses with five stratifying variables.c (N = number of exposed casey

90 % C! = 90 % confidence interval)

Automotive gasoline

Aviation gasoline

E— o

Mineral spirits

Site
N OR 90%Cl N OR 90%Cli N OR 9% Cl N OR ¢

Stomach 44 15 12419 3 08 03-27 51 1.0 08--12 24 17" 12
Colon 39 1.0 07—12 7 17 07386 57 0.8 06—1.0 14 07 05
Rectosigmoid 25 09 07—-13 3 0.8 02-27 35 07 0508 11 09 05
Rectum 24 11 0.8—1.86 4 25 0.6--103 42 10 0.8-—-13 11 08 06—
Lung

Qat cell 26 12 08-—16 1 04 01--382 36 1.1 08—14 0 08 08

Squamous cell 53 10 0813 2 04 01—18 92 1.2 1.0-15 34 14" 10

Adenocarcinoma 26 11 08—15 2 09 02-38 37 10 07-—-13 15 15 10

Otherd 19 08 08—11 1 04 0131 32 08 0611 13 12 08
Prostate 5 10 08-—12 6 09 04--20 100 1.3* 1.1-—-15 34 11 08
Bladder 64 12 0914 6 1.0 05-=22 91 10 08—12 31 14 0.8
Kidney 24 12 08-—186 7 26" 12—58 39 1.1 0.8—1.4 12 13 08
Non-Hodgkin’s lymphoma 20 0.8 0.5—11 1 04 01-25 3B 08 068—11 5 04 02

Exposure at any level and for any duration.

includes other and unknown cell types.

+ Qa0 oW

Table 4. Odds ratios (OR) between 12 sites of cancer?® and exposure® to jet fuel, diesal fuel, heating oil, and cutting flu
on the basis of Mantel-Haenszel analyses with five stratifying variables.c (N = number of exposed cases, 90 % Cl = 90 %o

fidence interval)

In this table only those site series with over 150 interviewed cases are presented.
Stratifying variables: age, socioeconomic status, ethnic group, cigarette smoking, and blue/white-collar job history.:

). Note that a lower limit of 1.0 fof the 80 % Cl does not neg

OR was significantly greater than 1.0 at P = 0.05 (one-sided
ave been rounded to 1.0. In addition the test and the confide

sarily imply a significantly elevated OR. The lower limit may h
interval computations have been based on separate alogorithms (35).

S Jet fuel Diesel fuel Heating oil Cutting fluids
ite ;
N OR 90%Cl N OR 90%Ct N OR 90%C! N OR 90%
Stomach 1 02 00-—17 10 10 06—16 15 1.4 09-—-21 24 14
Colon 7 21 09-541 10 07 04—141 13 08 06—15 32 10
Rectosigmoid 2 08 02-38 4 04 02-—-09 6 06 0312 20 09
Rectum 4 21 06-—-74 1 14 08-—-25 11 15 0.8-—26 13 07
Lung
Oat cell 2 13 02—70 10 1.7 09-3.0 13 170 1.0-27 23 15
Squamous cell i 02 00-24 20 15 1.0-22 25 13 0918 39 1.0
Adenocarcinoma 2 12 02—-68 7 10 05—19 11 1.3 08—21 19 1.2
Otherd 1 06 01-60 9 14 08—-25 5 06 03—11 g 04
Prostate 4 07 02-21 25 17 12-25 26 14 10—18 47 12
Bladder 4 07 03-—18 13 07 05—11 18 09 06—13 47 1.2
Kidney 7 25 11-54 10 1.4 08—23 8 1.1 0.6—2.1 16 1.0
Non-Hodgkin's lymphoma 2 07 0.2-32 0 1.1 0.7-18 6 07 04-—13 22 13

In this table only those site series with over 150 interviewed cases are presented.

Exposure at any level and for any duration,

a
b 4
Z Stratifying variables: age, socioeconomic status, ethnic group, cigarette smoking, and blue-'white-collar job history.

Includes other and unknown cell types.

OR was significantly greater than 1.0 at P = 0.05 (one-sided). Note that a lower limit of 1.0 for the 30 % Ci does nct né
sarily imply a significantly elevated OR. The fower limit may have been rounded to 1.0. In addition the test and the confitd
interval computations have been based on separate alogorithms (35). :
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ases, 90 % Cl = 90 % confidence interval)

sble 5. Odds ratios (OR) between 12 sites of cancer@ and exposure® to hydraulic fluids, lubricating oils (and greases), other
ineral oils and crude oil, on the basis of Mantel-Haenszel analyses with five stratifying variables.c (N = number of exposed

Hydraulic fluids l.ubricating oils Other mineral oils Crude oil
ite
N OR 90% Cl N OR 90%Cl N OR 9% Ci N OR 9 %Ci

tomach 18  1.9* 13—28 80 09 08—1.1 7 06 03-—-1.1 3 14 04-50
olon 5 11 07-—-186 105 09 08—1.1 6 11 07—16 3 15 0368
sctosigmoid 8 08 04—14 70 09 0.7—1.1 4 04 02—-09 0 0 N.A.
ectum 8 10 05-—19 61 1.0 0.8—1.2 6 068 03—13 5 58" 11-—298
un

Ogt cell 8 09 05—17 54 10 0.7--13 6 10 05-20 1 07 01-80
Squamous cell 1% 07 05-—11 143 1.2 1.0—14 10 07 04-—12 7 28 1.0-~76
Adenocarcinoma 6 06 03—1.1 54 09 0.7-1.2 10 17 1.0-32 1 08 01-97
Otherd 10 11 07—19 50 0.8 06—1.0 12 1.8 1.0-—-29 0 0 N.A.
rostate 24 15 1.0-22 166 13* t1—15 22 14 10--21 6 23 0771
ladder 17 09 06-—1.2 149 1.0 09—1.2 24 1.3 09-—-19 1 02 01-20
idney 9 11 06—-20 63 12 09—15 9 13 07-22 2 12 02—63
on-Hodgkin's lymphoma 7 08 04--14 59 09 0.7—11 7 09 05—16 i 05 01-38

Exposure at any level and for any duration.

includes other and unknown cell types.

he screening results for the 12 substances by the 12
ancer types which had over 150 cases and thus rea-
onable statistical power. These tables are based on any
xposure versus no exposure. Twelve associations were
ignificantly elevated (P < 0.03, one-sided), and all of
he 12 were selected for in-depth analysis. We also car-
ied out the corresponding set of screening analyses
ith exposure defined by substantial exposure versus
one. Although we have not shown these results be-
ause of space limitations, we did select any associa-
on which was significant in these results for in-depth
nalysis. Six more associations were thereby selected
diesel fuel-rectum cancer, diesel fuel-lung (squamous
ell) cancer, heating oil-rectum cancer, cutting fluids-
imng (oat cell) cancer, cutting fluids-non-Hodgkin’s
ymphoma, other mineral oil-bladder cancer]. In ad-
ition, among the rarer cancer types omitted from ta-
les 3—5, there was only one statistically significant
ssociation based on five or more exposed cases, that
etween Hodgkin’s lymphoma and mineral spirits ex-
osure. Finally, we also selected for in-depth analysis
hree associations which were of borderline statistical
gnificance, which hinted at higher risk among the
tbstantially exposed, and which were of interest be-
ause of other work. The cutting fluids-bladder can-
er association had been reported in the literature (39).
he lung (squamous cell) cancer-lubricating oils asso-
jation largely involved an occupation (mechanics and
epairmen) which had been reported to be at risk for
ung cancer (12). The lung (squamous cell) cancer-
ineral spirits association was of interest because one
f the main occupational groups exposed to mineral
pirits (namely, painters) had been reported to be at
sk for lung cancer (12).

A total of 22 associations were thereby selected,
iree with stomach cancer, three with rectal cancer,

OR was significantly greater than 1.0 at P = 0.05 (one-sided).
sarily imply a significantly elevated OR. The lower limit may have been rounded to 1.0. In addition the test and the confidence
interval computations have been based on separate alogorithms (356).

in this table only those site series with over 150 interviewed cases are presented.

Stratifying variables: age, sociceconomic status, ethnic group, cigarette smoking, and blue-/white-collar job history.

Note that a lower limit of 1.0 for the 90 % Cl does not neces-

seven with various histological types of lung cancer,
three with prostate cancer, two each with bladder and
kidney cancer, and one each with Hodgkin’s and non-
Hodgkin’s lymphoma,

In-depth analyses

Each selected association was analyzed with the pur-
pose of obtaining odds ratio estimates for various ex-
posure subgroups, adjusted for all potential con-
founders. First a series of analyses was carried out to
identify a short list of potential confounders. Then,
using logistic regression, we estimated odds ratios for
various exposure subgroups. The results for all 22 as-
sociations are shown in table 6.

We estimated risk associated with any level or dura-
tion of exposure, as well as that associated with sub-
groups at different levels of exposure. When an asso-
ciation was based on 20 or more exposed cases, we
categorized them into four exposure subgroups, based
on the level and duration of exposure. We have called
the groups short-low, short-high, long-low, long-high.
When there were fewer than 20 exposed cases, we
categorized them into two exposure subgroups, based
on cumulative exposure (which combines level and
duration). These we have called nonsubstantial and
substantial.

Concerning the occupation-specific odds ratios, it
should be noted that ‘‘exposed’’ is defined as exposed
to the substance of interest in the occupation in ques-
tion and ‘“unexposed’’ is defined as not exposed to the
substance regardless of whether or not the subject
worked in the occupation of interest. For each asso-
ciation, we examined the risk in up to six of the main
occupations in which the exposure occurred. However
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Table 6. Detailed analyses of selected associations 2 between the 12 petroleum-derived Hquids and cancer t

being subdivided according to exposure level and the occupation in which the exposure occurred.

ypes, the substanceg

Exposure subgroup 2 Nb OR¢ OR4 90 % Cle Exposure subgroup? No OR® ORy¢
Automotive gasoline-stomach cancer Diesel-fuel-prostate cancer
Exposure levelf Exposure level’
Short-low 6 1.1 12 0.6—24 MNonsubstantial 17 2.4 2.3 1.3--4.0
Short-high 6 0.9 0.9 04—19 Substantial 8 1.4 1.4 R
Long-low 21 1.8 2.0 1.3-31 .
Long-high 1 2n 23 1942 Both combined 25 1.9 1.9 1.2--30
Alt combined 44 15 18 11-23  Heating oilrectum cancer
Occupation s Exposure isvel
. : Nonsubstantial 3 0.7 0.3
Mechanics & repairmen 14 1.9 20 1135 N
All others 30 14 15 1022 Substantial 8 26 28
Aviation gasoline-kidney cancer Both combinad " 15 14
Exposure level! Heating oil-oat-cell lung cancer
Nonsubstantial 1 1.8 15  03—86 Exposure level’
Substantial 3] 3.9 3.9 1788 Nonsubstantial [ 1.9 16 1.0—-4.2
Both combined 7 29 31 15—65 Substantial 7 18 LU R R ¥
Mineral spirits-squamous-celi lung cancer Both combined 13 19 1.7 12--34
Exposure level ! Cutting fluids-bladder cancer
Short-low 9 1.0 10 05-20 Exposure levelf
Short-high i1 1.1 1.2 0.6---2.1 Short-low 10 0.9 0.9
Long-tow 28 11 11 0.7—1.6 Short-high 10 14 1.4
Long-high 44 16 1.7 1.2—2.3 Long-low 12 1.3 1.3
All combined 92 13 13 1017 Long-high 15 1.6 1.5
Occupation 9 All combined 47 1.3 1.3
Janitors 7 2.4 2.3 1.0—5.5 Oceupation
Metal machinists 5 20 1.9 0.8—4.8 Metal machinists 21 1.5 1.5 1.0—2.7
All others 80 1.2 1.2 0.9—16 Plumbers & pipefitters 3 1.8 1.9 1.0—-3.8
Mineral spirits-prostate cancer All others 18 08 09 BE—14
Exposure level' Cutting fluids-oat-cell lung cancer
Short-low 8 1.0 08  04-18 Exposure level!
Short-high 18 1.6 1.7 1.1—2.8 Nonsubstantial 10 1.4 1.0
Long-lo_w 31 1.0 1.0 0.7—1.4 Substantial 13 1.6 1.6
Long-high a1 2 18 13-26 Both cambined 23 15 13
All combined 100 1 1.3 11 7 . , .
) . o, Cutting fluids-non-Hodgkin’s lymphoma
Mineral splrtt.s'—HudgAm 's [ymphoma Exposure tevel !
Exposure levet ! Nonsubstantial 9 10 0.8
Nonsubstantial 4 14 1.0 04~26 Substantial 13 1.9 1.8
E”b:"‘""a' 228 20 ;‘:_:':’ Both combined 2 14 12
oth combined 16 2.1 1.6 .8—3. i i
Hydraulic fluids-stomach cancer
Kerosene—stom’mh cancer Exposure levelt
Exposure level Nonsubstantial 15 23 2.2
Nonsubstantial 20 20 2.0 1.3—3.0 Substantial 3 09 . 1.0
Substantial 4 1.0 1.0 0.4—25 Both combined 18 19 18
Both combined 24 1.7 1.7 12—-25 L R
A Lubricating oils-squamous-cell lung cancer
Qccupation 9 :
Exposure level !
Forestry 15 3.0 28 1.7—4.7 - .
All others 9 1.0 10 06—19 Short-low 19 12 1.3
. Shart-high 25 1.0 1.0
Jet fuel-kidney cancer Long-low 44 1.6 1.6
Exposure leyel ! Long-high 55 1.2 1.2
Nonsubstantial 1 1.7 21 03—127 All combined 143 1.2 3
Substantial 6 34 3.4 15-76 Lubricating vils-prostate cancer
Both combined 7 3.1 15—6.86 Exposure level!
Diesel fuel-rectum cancer Short-low 23 1.2 11
s Short-high 28 1.4 1.2
Exposure level Long-low 59 13 10
Nonsubstantial 3 0.6 0.5 0.1—1.7 Long-high 56 15 1.2
Suhstantlall 8 2.4 1.6 0.7—3.9 All combined 166 13 11
Both combined 11 1.3 1.0 0520 Occupation s
Diesel fuel-squamous-cell lung cancer Farmers 13 15 15
Exposure level t Mechanics & repairmen 38 20 1.6
All oth 116 1.2 1.0
Nonsubstantial 708 10 04-20 ers
Substantial 13 26 25 1.3—4.7 Other mineral oils-other lung cancer
Both combined 20 16 1. 1.0--2.6 Exposure level !
Occupation? Nonsubstantial 5 1.1 1.2
Mechanics & repairmen 8 20 20 08—42 Substantial T8 42
All others 12 1.5 1.4 0.8—2.6 Both combined 12 19 20
{continued)
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able 6. Continued.

xposure subgroup N ORy® ORd 90 % Cle
Other mineral oils-bladder cancer

xposure levelf

“Nonsubstantial 13 1.2 1.2 0.7—21

Substantial iRl 17 1.7 09—32

‘Both combined 24 14 4 0921

Prude oil-rectum cancer
xposure level!

‘Nonsubstantial 2 6.2 48 0.6—35.3
Substantial 3 4.3 34 1.0—11.7
-Both combined 5 48 3.7 1.3—106
‘rude oil-squamous-cell lung cancer

xposure level!

Nonsubstantial 3 3.4 3.1 0.8—11.0
Gubstantiat 4 3.5 3.9 1.2—123
Both combined 7 1.5—8.2

Thaese are the associations which were significant in at least one of
the two screening runs and which had at least five exposed cases. A
few associations which were of borderline significance were aiso
selacted.

N = number of exposed cases.

The odds ratio (OR,) estimates for each association are based on a
logistic regression model including the following five a priori covar-
lates: age, ethnic group, socioeconomic status, smoking, job “dirti-
ness.”

I'he odds ratio (OR,) estimates for each association are based on a
logistic regression model including all potential confounders identified
in the confounder searching procedure described in the Methods sec-
tion, except for other petroleum-darived liquids examined in this paper.
For each substance, it is implicitly assumed that unexposed men have
an OR of 1.0. For each association, the referents consisted of other
types of cancer as indicated in reference 35.

90 % confidence interval for OR,,

Exposure level was divided into two or four categories depending on
whether there were fewer or more than 30 exposed cases. When the
total number was less than 30, the level of exposure was defined by
the cumulative exposure index used in the Mantel-Haenszel analyses
and dichotomized at the same point along the scale of that index to
provide two categories which have been cailed nonsubstantial and
substantial. When the total number exceeded 30, four categories wers
defined by dichotomizing the duration of exposure and dichotomizing
the degree of exposure. Short- and long-term exposure was defined by
a10-year cut point. Low and high exposure was defined by the median
of the distribution of values of the index comprising the following char-
acteristics of the exposure: concentration, frequency, and the chemists’
confidence that the exposure occurred. See reference 35 for a descrip-
tion of index E, used in the two-category definition, and index A, used
in the four.category definition.

Occupation refers to the occupation in which the subject was exposed
to the substance in question. Selected for presentation were one or
two occupations in which the odds ratio differed from the overall odds
ratio. If the odds ratios were constant across the main occupations in
which the substance was found, no occupations were listed. Each man
was classifled into only one occupation category: if he was exposed
© the substance in two different occupations, the job of longest dura-
ion was used. Thus the sum of the nurnbers across occupations is
fie same as that across exposure levels, and it equals the total num-
ber of men with this site of cancer and exposure 10 this substance.
Note that the odds ratios carresponding to each occupation refer to
he risk for those men in the occupation who have been exposed to
he substance of interest, not for all men in the occupation. The level
of exposure was ignored in these occupation-substance analyses.

in table 6 we present only those occupations in which
e risk was particularly high.

The data-based potential confounders were divided
to the following three categories: nonoccupational
variates (eg, beverage consumption, marital status),
her occupational exposures than other petroleum-
derived liquids, and other petroleum-derived liquids.
ach model was built up gradually in five cumulative
eps. First, we estimated the crude odds ratio. Second,
¢ included the same a priori confounders that were
cluded in the Mantel-Haenszel analyses, though the
ntinuous variables among them were included as
ntinuous variables. Then we included in sequence
ch of the three aforementioned categories of the

data-based confounders. It was not clear-cut which of
these steps provided the most ““valid’’ odds ratio esti-
mate (5). Space limitation mitigates against presenting
all five, and in any event the variation in the odds ratio
estimates across steps was generally minor, especially
across the last three steps. We decided to present the
estimates from two models, ie, that based on a priori
confounders only and that based on all variables ex-
cept other petroleum-derived liquids. If the results
from the full model differed from the latter, it is men-
tioned in the text and its meaning discussed.

For each association there was a distinct regression
model containing from 5 to 25 covariates, depending
on which covariables were earmarked in the data-based
search for confounders. While there may be some
interest in showing which variables went into the re-
spective models, in fact it is not important for the in-
terpretation of the disease-exposure odds ratios because
we have ““controlled’” for all variables in our data set,
either by confirming in the initial step that their in-
clusion in the model did not affect the odds ratio esti-
mate or by including them in the regression model, Be-
cause it would take considerable space to present them
all, we have chosen not to present the covariables in-
cluded in each model.

Discussion

There were many significant findings, some un-
doubtedly by chance and some possibly because of real
cause-and-effect relations. While acknowledging the
possibility of false positive results, we must also note
the possibility of false negatives. As implied by the
width of the confidence intervals in tables 3—S5, the
power to detect risks was only moderate for most of
the associations analyzed. The power may have been
further compromised because of a misclassification
error in the ecxposure assessment. Furthermore the
strategy of employing other cancer patients as referents
for each case series was a “‘conservative™ strategy, pos-
sibly leading to some attenuation of risk estimates.
Finally the inclusion of data-based confounders in the
models may also be a conservative strategy. On the one
hand, including more variables than is strictly neces-
sary increases the variability of estimates. On the other,
it may also introduce some overadjustment.

We recognize the arbitrary and limited nature of
statistical significance as a criterion for selecting as-
sociations for in-depth analysis. Nevertheless, for our
purpose, we believe it is as useful an arbitrary criterion
as any other. The main objective of the in-depth analy-
sis was to try to separate the false positives from the
true positives. In this process we used criteria such as
the stability of statistical significance once the con-
founders were included in the model, the strength of
association, dose-response, and coherence with experi-
mental or other epidemiologic information. Unfortu-
nately, there have been very few other epidemiologic
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studies bearing directly on the carcinogenicity of any
of these substances. The available evidence, such as
it is, derives indirectly from studies of occupational
or industrial groups who may have been exposed to
the substance in question. Most of these studies were
based on the occupations mentioned on the death cer-
tificates or tumor registers, Such evidence suffers from
several deficiencies — notably, the poor validity of the
occupational information, its questionable appro-
priateness as a surrogate for specific substances, the
questionable validity of the attributed cause of death
as an indicator of cancer incidence, and the lack of
information on potential confounding factors (34).

When odds ratios are discussed without qualifica-
tion, it is assumed that we are referring to the more
fully adjusted odds ratio in table 6, namely, that de-
signated as OR,.

Automotive and aviation gasoline

We found an association between automotive gasoline
exposure and stomach cancer. The odds ratio was 2.0
among exposed mechanics and repairmen, compared
to 1.5 among other exposed workers. Although only
a minority of mechanics were attributed exposure to
automotive gasoline, they were often exposed at rela-
tively high levels because they used it regularly as a
degreasing agent. We carried out an analysis of selected
job titles in our data set and found that all mechanics
had an odds ratio of 1.3 for stomach cancer, in con-
trast with the odds ratio of 2.0 for the subgroup ex-
posed to automotive gasoline. The stomach cancer-
automotive gasoline association was significant with
evidence of a dose-response relationship. Even when
other petroleum liquids {kerosene, hydraulic fluids)
were added to the model, the odds ratios for auto-
motive gasoline did not decrease.

There have been no other epidemiologic studies
directly providing evidence on stomach cancer risks
from automotive gasoline exposure. Leaded automo-
tive gasoline has usually been formulated with two
lead-scavenger additives, dichloroethane (ethylene
dichloride) and dibromoethane (ethylene dibromide).
Both compounds are mutagens and induce tumors of
the forestomach in rats and mice after oral adminis-
tration (31). Ethylene dichloride has produced tumors
in a spectrum of other organs, while topical adminis-
tration of ethylene dibromide to mice has resulted in
skin tumors (31). Both compounds can be absorbed
percutaneously. The stomach cancer-automotive gaso-
line association is compatible with the carcinogenic ac-
tion of one or both of these additives, possibly aided
by percutaneous absorption.

Insofar as there has been suspicion of human car-
cinogenicity from exposure to automotive gasoline, the
evidence has pointed to a risk for kidney cancer. While
the epidemiologic evidence for kidney cancer risk has
been inconclusive (11, 14, 27, 32, 42), exposure 1o un-
leaded automotive gasoline has been associated with
renal cancer in rats (24). Although the slight excess risk
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of kidney cancer among workers exposed to 2utom
tive gasoline (OR = 1.2) was not statistically signj
cant, we did find a significant cluster of seven kidp
cancer patients with exposure to aviation gasoline, Six
of them were also exposed to jet fuel, which was alsq
associated with kidney cancer. Because of the high Cur;
relation between aviation gasoline and jet fucl, it wag
difficult to disentangle the effects on kidney cance
When both were included in a regression maodel, ]
odds ratio for jet fuel decreased somewhat, while th
for aviation gasoline was unaffected, This resuir
at a greater role for aviation gasoline than for jet fy
Aviation gasoline differs in composition from leaded
automotive gasoline by its high content of alkyl
naphthas, constituted mainly of branched alkarnes (9)
These compounds are strongly suspected of bein ‘
sponsible for the animal nephrotoxicity of va
petroleum products (17). It has furthermore by
hypothesized that there may be a causal rel
between nephrotoxic changes and the appearang
renal neoplasms in rats exposed to unleaded auson
tive gasoline (24). It is thus tempting to hypothis
a link between exposure to highly branched alka
and renal cancer. This link could explain the ani )
carcinogenicity of unleaded automotive gasoline, w
is known to contain about 20 % alkylate stream
and the present finding of excess kidney cance
to aviation gasoline, since aviation gasoline also
tains a high proportion of alkylate strearn (50--7
(9). Thus our finding of a kidney cancer-aviation
line association is important because it suggests a
sible association between kidney cancer and unle
automotive gasoline.

Mineral spirits
Exposure to mineral spirits was significantly associd
with squamous-cell lung cancer, especially among th
with long-high exposure. The risks were particul:
elevated in small clusters of metal machinists ¢
janitors. Although not shown in table 6, there wasf
some excess lung cancer among construction wor
exposed to mineral spirits, many of whom were pa
ers (OR = 1.4). In fact the janitors received theh
posure to mineral spirits through painting activit
In the analyses of job titles, the entire groups of m
machinists and construction workers had odds
of less than 1.0 for squamous-cell lung cancer.
finding implies that exposure to mineral spirits i
important factor. Several studies have reported ex
lung cancer risk among painters (12, 13, 28,29,
In Dubrow & Wegman’s (12) synthesis of severall
studies involving standardized mortality ratios and
portionate mortality ratios, the aggregate standard
mortality ratio for lung cancer among painters was
(12). At least one case-referent study also found d I
excess of lung cancer among painters, especially am
those who did not wear protective equipment (37
possible etiologic role of mineral spirits has not P!
ously been addressed, but seems to us to be reali
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Both prostate cancer and Hodgkin’s lymphoma
-showed signs of association with mineral spirits. The
vidence in our data was stronger in the case of pros-
‘tate cancer than for Hodgkin’s lymphoma, although
‘the biological plausibility of such an association is not
“self-evident.

Kerosene and Jet fuels

Although the screening analyses turned up an associa-
tion between kerosene and stomach cancer, the evi-
dence from the in-depth analyses was not persuasive.
The association was entirely attributable to a stomach
“cancer risk among forestry workers. The level of ex-
posure to kerosene among forestry workers was gen-
erally low. The odds ratio for stomach cancer among
the entire group of forestry workers was as high as that
among the subset exposed to kerosene. A significant
excess risk for stomach cancer among forestry work-
ers has also been reported in a large proportionaie mor-
tality ratio (PMR) study carried out in the state of
Washington in the United States (PMR = 115) (29).

The jet fuel-kidney cancer association has already
been mentioned. It is interesting to note further that
nephrotoxic effects have been reported in male rats ex-
posed to various kinds of military jet fuels, including
wide cut and kerosene base types similar to the ones
coded in our study (25). Exposure to synthetic jet fuels,
associated with the development of kidney cancers in
male rats in the same study, was not, however, judged
to be present in our study population.

Based on small numbers, a nonsignificant excess of
colorectal cancers was found among the workers ex-
posed to jet fuel (table 4). In Washington State, which
contains a large aircraft industry, there was a slight
excess of colorectal cancer among aircraft mechanics
{22 observed, 18 expected) (29).

Diesel fuel and heating oil

‘Diesel fuel and heating oil are similar in composition.
in the screening analyses and in the in-depth logistic
regressions, there was a significant association between
diesel fuel and squamous-cell lung cancer. Further-
‘more, although they were not significant, there were
excesses both for oat-cell and for ““other’” lung cancer
cell types in relation to diesel fuel. We therefore car-
ed out a separate set of analyses combining all types
of lung cancer except adenocarcinomas. The odds ratio
corresponding to OR, in table 6 for ““any” exposure
‘was 1.6 (90 % confidence interval 1.12.4, N = 39).
The odds ratios corresponding to the four subcate-
gories short-low, short-high, long-low, and lorg-high
were 1.9, 2.0, 1.1, and 2.0, respectively. These results
ipport the hypothesis of a risk for nonadenocar-
noma lung cancer due to diesel fuel, There was also
significant odds ratio between heating fuel and oat-
11 lung cancer. Because of the similarity between heat-
g and diesel fuel, this finding may also be thought
support the lung cancer-diesel fuel hypothesis. Al-

though there has been some previoué evidence of an
association between diesel exhaust and hung cancer
(19), there has been little evidence of direct relevance
to the liguid itself. Nevertheless exposure to the liquid
and to the exhaust products undoubtedly has some
elements in common.

The association between diesel fuel and prostate can-
cer was also significant in the logistic regression, but
there was, if anything, an inverse dose-response rela-
tionship. Finally both of these substances were asso-
ciated with rectal cancer, After logistic regression, both
associations were reduced, though both maintained a
hint of dose-response. The numbers were small and
the confidence intervals wide,

Hydraulic fluids

Hydraulic fluids comprise a chemically heterogeneous
class of substances with very little epidemiologic or
experimental evidence. Automobile mechanics who
were exposed to transmission and brake fluids con-
stituted the main group in this category. The level of
exposure of most mechanics to these substances was
rather low. Only stomach cancer was significantly
associated with hydraulic fluids in the Mantel-Haenszel
screening runs, While the odds ratio estimate shown
in table 6 was significant, it was not persuasive for two
reasons. First, the risk was elevated only for those
workers with the lowest exposure. Second, when
gasoline exposure was added as a confounder to the
regression model, the odds ratios decreased and were
no longer significant.

Lubricating oils

Lubricating oils is one of the most commontly used clas-
ses of substances in the industrial environment. They
are used in all kinds of occupations and industries and
would include both used and unused oils. The overall
association with prostate cancer which turned up in
the screening analyses virtually disappeared in the in-
depth analysis. There remained excesses of prostate
cancer among farmers and mechanics exposed to lu-
bricating oils, who together comprised less than one-
third of all workers with exposure to lubricating oils.
We carried out analyses within each of these two sub-
groups to determine if in either case there was a dose-
response relation between level of lubricating oil ex-
posure and prostate cancer risk. There was none. The
excess of prostate cancer among farmers is consistent
with the results presented in several reports (6, 12, 33).
The reasons remain obscure, It is not clear whether
the apparent excess among mechanics and repairmen
exposed to lubricating oils reflects a risk from these
substances or from some other factor. On the basis
of small numbers, Wen et al (43) found a ‘‘nonsigni-
ficant’’ standardized mortality ratio of 182 for pros-
tate cancer among oil refinery workers involved in the
processing of lubricating oil. Vena et al (38) found no
excess prostate cancer in an auto engine and parts
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manufacturing complex, where again there was pre-
sumed exposure to lubricating oils, though this finding
too was based on small numbers.

In our data, lubricating oils were also associated with
squamous-cell lung cancer. Although the OR, was
only 1.3, it was based on large numbers and was of
borderline statistical significance. There was no clear
dose-response relation. Dubrow & Wegman (12), in
their synthesis of national studies involving standard-
ized mortality ratios (SMR) and proportionate mor-
tality ratios, concluded that lung cancer risks are high
for mechanics (aggregate SMR = 122). Most workers
with this job title are exposed to lubricating oils. There
have been a number of historic cohort studies among
workers with probable exposure to lubricating oils.
Two found proportionate mortality ratios in excess of
100 for lung cancer (16, 38), while others did not (4,
43). However, none of these studies was large or con-
vincing. In sum, there is some suggestion of an in-
creased risk of both lung and prostate cancer, though
the evidence is not persuasive for either site. If there
is a risk for lung cancer, it may be limited to squamous-
cell tumors.

Cutting fluids and other mineral oils

The categories of cutting fluids and other mineral oils
have had varying formulations over the years and also

Table 7. Brief summary (by site of cancer) of the strength of
evidence for each association selected for the in-depth analy-

5is.

Strength of

evidence ®

Association
Statis- Dose-
tical? responsec

Stomach cancer-automative gasolined + + + +
Stomach cancer-kerosene + o+ --
Stomach cancer-hydraulic fluids + + - —
Ractum cancer-diesel fuel - +
Rectum cancer-heating oit - + 4+
Rectum cancer-crude oit + + -
Lung {oat cell) cancer-heating oil + 4+ +
L.ung {oat cell) cancer-cutting fluids - +
Lung (sguamaus cell) cancer-mineral spirits® + + +
Lung (squamous c¢all) cancer-diesal fusl® + + +
l.ung {squamous cell} cancer-lubricating oils + -
Lung {(squamous-cell) cancer-crude oil + + +
Lung (other) cancer-other mineral oils + + +
Prostate cancer-mineral spirits + + + 4+
Prostate cancer-diesel fuel + + - -
Prostate cancer-lubricating oils © - -
Bladder cancer-cutting fluldse + +
Bladder cancer-other mineral oils® + +
Kidney cancer-aviation gasolined + + + +
Kidney cancer-jet fueld + + ++
Non-Hodgkin's tymphoma-cutting fiuids - +
Hodgkin's lymphoma-mineral spirits + +

2 4 + = moderate to strong evidence of excess risk, + = weak evidence
of excess risk, — = no evidence of excess risk, — — = evidence against
the hypothesis of excess risk (eg, inverse dose-response).

Based on the results of the logistic regression for “any"” exposure. It
takes into account the magnitude of the odds ratio, its statistical sig-
nificance, and the number on which it is based.

Refers to the trend among subgroups at different levels andfor dura-
tions of exposure and to the odds ratio in the highest exposure sub-
group.

Some experimental evidence which supports this association is
presented in the text.

Some previous epidemiotogic evidence which supports this associa-
tion is presented in the text. For the bladder-cutting oil association that
evidence was considerable; for the other associations, the evidence
was indirect and weak.

o

a

©
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different uses. Both were associated with bladder can
cer. Though these associations were of borderlina sig.
nificance, the odds ratios were greatest in the mspec; :
tive long-high exposure categories. The bladder cag. -
cer risk was somewhat higher among machinisis and
plumbers exposed to cutting fluids than among othey
workers with the same exposure.

There were associations between cutting flujds ang
oat-cell lung cancer and non-Hodgkin’s lymphomag
which were no longer significant after the adjustmeny
for confounders. An association between ““other min:
eral oils’’ and “‘other lung cancer’’ was barely signifie
cant and was based on small numbers.

Aside from the well-documented association of
cutting fluids with cancer of the scrotum (41) and skin
cancer (21), there has been less conclusive evidence con.
cerning the effects of these substances on the sites 6f
cancer included in our study. Several studies have re:
ported excess bladder cancer risks in occupational
groups with presumed exposure to cutting fluids (1,
7, 8, 18, 36, 38, 40), while only one investigation found
no such excess (10). Some studies have reporied ex:
cess lung cancer (8, 38), while others have not (10, 22).
Some have reported excess stomach cancer risk (10,
22), while others have not (38). The studies providing
data on stomach and lung cancer were based on smal}
numbers and cannot be considered persuasive. Our
findings are clearly negative for stomach cancer and
fairly negative for lung cancer, but suggestive for blad:
der cancer. In the past, some cutting oils have been
formulated with aromatic amines, a class of com-
pounds which includes known human bladder car-
cinogens (20, 39). Also, N-nitrosamines, a class of
animal carcinogens, have been detected in cutting fluids
(23). Given the prior evidence from other epidemi-
ologic studies and the fact that cutting oils have in the
past been formulated with known carcinogens, the fact
that both cutting fluids and other mineral oils should
have turned up in our study as more strongly associ-
ated with bladder cancer than with any other cancer
lends credibility to these associations,

Crude oil

Crude oil was apparently associated with recial and
squamous-cell lung cancers, but these associations were
based on very small numbers. One of the main groups
in which this exposure occurred, namely, secamen,
would likely have had very different life-styles than the
rest of our study population. '

General comments

While we presented and discussed the associations
under the headings of the various substances, some
readers may be interested to see them grouped by can-
cer site. In addition it is useful to summarize briefly
the evidence presented. Table 7 presents an admittedly
rough summary of the evidence from our study on each
association that was examined in-depth.
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Our purpose was to generate hypotheses. In our view
most promising leads to follow-up from our results
¢ the following: (i) the effects of exposure to leaded
tomotive gasoline on the occurrence of stomach can-
, (ii) the effects of exposure to aviation gasoline on
e occurrence of kidney cancer and the possible im-
cations of this finding for a similar association for
leaded automotive gasoline, (iii) the effects of expo-
re to mineral spirits on the occurrence of squamous-
I cancer of the lung, (iv) the effects of exposure to
sel fuel on the occurrence of nonadenocarcinoma
g cancer, (v) the effects of exposure to lubricating
il on the occurrence of squamous-cell lung cancer,
vi) the effects of exposure to cutting oils and other
aineral oils on the occurrence of bladder cancer, (vii)
effects of exposure to mineral spirits and diesel fuel
i the occurrence of prostate cancer.

Some of the hypotheses suggested will be followed
p in our own data set with additional analyses re-
arding latency, interactions with smoking and other
actors, effect modification, and more complex regres-
ion models. Such analyses were beyond the scope of
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